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Abstract: Arctigenin (ARC-G) is the main active ingredient extracted from Great Burdock Achene, with extensive
pharmacological effects. In addition, ARC-G has been suggested to show excellent efficacy on inflammatory dis-
ease. This study aimed to defined that the function of Arctigenin attenuates inflammation in dextran sulfate sodium
(DSS)-induced acute colitis, to determine its possible mechanism. Mice was induced by giving 2.0% DSS in the
drinking water for DSS-induced acute colitis. Mice of acute colitis were injected intraperitoneally with 20 mg/kg per
day of Arctigenin for 7 days. MPO activity levels were measured using MPO activity kits. Western Blot Analysis was
used to determine the protein expression. Arctigenin prevents colitis and attenuates inflammation in DSS-induced
acute colitis. Arctigenin suppressed NLRP3 inflammasome by SIRT1 in DSS-induced acute colitis. In THP-1 cell by
LPS model, Arctigenin suppressed NLRP3, caspase-1 and IL-1p protein expression by SIRT1. Si-NLRP3 increases
the effects of Arctigenin on inflammation in THP-1 cell by LPS model. Si-SIRT1 decreases the effects of Arctigenin
on inflammation in THP-1 cell by LPS model. INF39, NLRP3 inhibitor also increased the effects of Arctigenin on
inflammation in DSS-induced acute colitis. SIRT1 inhibitor also decreases the effects of Arctigenin on inflammation
in DSS-induced acute colitis. Taken together our results demonstrated that Arctigenin attenuates inflammation in
DSS-induced acute colitis through suppression of NLRP3 inflammasome by SIRT1.
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Introduction

Ulcerative colitis (UC) is one of the major types
of inflammatory bowel disease (IBD), which
belongs to the autoimmune disease [1]. Its clin-
ical manifestations include diarrhea, abdomi-
nal pain and mucosanguineous stools [1].
Meanwhile, it is associated with various dis-
ease severity and repeated attack. UC is a com-
mon disease in European and American coun-
tries [2]. In China, no epidemiological data
among the ordinary population are available
[1]. However, the morbidity of UC in China shows

an increasing trend year by year [3]. Few severe
UC patients are seen in China, however, UC
patients suffer from repeated attack [3]. UC will
not only affect the life quality of patients, but
can easily induce colon cancer [4]. According to
statistics, approximately 5-10% chronic UC
patients in China would develop into colon can-
cer annually [5]. Particularly, the morbidity of
colon cancer in UC patients with a history of
over 25 years can be as high as 40%. Therefore,
it is of great value and urgent to conduct UC
research to reduce its morbidity. At present,
treatment for UC is still dominated by anti-
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inflammation and anti-immunity [5]. However,
these drugs have severe side effects and UC is
likely to relapse after drug withdrawal.

Inflammation is the self-protection response of
the body during the pathogenesis and develop-
ment of inflammatory disease, which will also
cause damage of the body. Besides, it is found
in clinic that, the protection of most inflamma-
tory responses is far smaller than their damage
to the body [6]. Therefore, it is of great signifi-
cance to study the inflammatory response pro-
cess and to regulate the inflammatory response
to prevent inflammatory disease [7]. The Nod-
like receptor protein 3 (NLRP3) inflammasome
is an intracellular protein complex, which can
regulate the inflammatory response in the body
[8]. NLRP3 inflammasome plays a key role in
activating cysteine-requiring aspartate prote-
ase-1 (caspase-1). The activated caspase-1
can mediate the maturation and differentiation
of pro-inflammatory cytokines IL-138 and IL-18
[7]. Subsequently, the IL-1 receptor on target
cell surface can bind with the activated IL-1p,
thus activating the IL-1( signaling pathway and
MyD88-dependent NF-kB pathway. Finally, it
will induce the inflammatory response in the
body [8]. Existing studies find that, NLRP3, ASC
and caspase-1 can regulate intestinal integrity
and modulate intestinal inflammatory response
[6]. Moreover, recent studies suggest that NL-
RP3 inflammasome is closely correlated with
the pathogenesis of UC [9].

SIRT1, a member of the Sirtuins family (Sirt1-7),
is the recently-discovered lll type nicotinamide
adenine dinucleotide (NAD+)-dependent his-
tone deacetylase [10]. SIRT1 mainly locates in
the cell nucleus in mammal, which exerts its
function through the acetylation activity [11].
Plenty of evidence has suggested that SIRT1
shows protection in multiple kidney diseases,
such as acute kidney injury [11]. The major
mechanism involves oxygen radical reduction,
inflammation alleviation, autophagy enhance-
ment, and mitochondrial function stabilization
[11]. Meanwhile, it can regulate blood glucose
and blood lipid, resist fibrosis, and show protec-
tion in diabetic nephropathy and renal fibrosis
[12]. Additionally, SIRT1 can regulate NLRP3 to
control the genesis of inflammation and delay
the occurrence of inflammatory in mouse [12].

Great Burdock Achene is a traditional Chinese
medicinal (TCM) material that can effectively
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alleviate pain and fever in rheumatism. ARC-G
(C21H2406; molecular weight: 372.41) is a
phenylalanine dibenzyl butyl lactone lignan
extracted from Great Burdock Achene [13]. It
has multiple bioactivities, including anti-inflam-
mation, anti-oxidation, anti-cancer, and anti-
virus [14-16]. Besides, domestic and foreign
research on the anti-inflammatory effect of
ARC-G mainly select the animal inflammatory
models like colitis, arthritis, acute lung injury
and cerebral injury [14]. In fact, many clinically
common diseases are accompanying with in-
flammation, such as diabetes and atheroscle-
rosis [13]. Intensive study on the anti-inflamma-
tory effect and mechanism of ARC-G using dia-
betes and atherosclerosis models will lay down
foundation for exploring the new clinical appli-
cation pathways for ARC-G and developing new
preparations [17]. This study aimed to defined
that the function of Arctigenin attenuates in-
flammation in dextran sulfate sodium (DSS)-
induced acute colitis, to determine its possible
mechanism.

Materials and methods
Animals and vivo model group

C57BL/6 mice were obtained from Animal test-
ing center of Yangzhou University (Yangzhou,
China). C57BL/6 mice were housed at 22-23°C,
55-60% humidity, in a 12-h light/dark cycle.
The present study was approved by the Animal
Care and Use Committee of Yijishan Hospital of
Wannan Medical College. C57BL/6 mice were
randomly assigned to four groups: sham (n = 6),
only Arctigenin group (n = 6), DSS-induced
model (n = 7), and Arctigenin treatment group
(n = 7). In sham or only Arctigenin group, mice
were injected intraperitoneally with normal
saline for 7 days. In DSS-induced model or
Arctigenin treatment group, mice was induced
by giving 2.0% DSS in the drinking water for 7 d.
In Arctigenin treatment group, mice were inject-
ed intraperitoneally with 20 mg/kg per day of
Arctigenin for 7 days.

Next, C57BL/6 mice were randomly assigned
to four groups: sham (n = 6), only DSS-induced
model (n = 7), Arctigenin treatment group (n =
7) and SIRT1 inhibitor or NLRP3 inhibitor group.
In SIRT1 inhibitor or NLRP3 inhibitor group,
mice were induced by giving 2.0% DSS in the
drinking water for 7 d and injected intraperito-
neally with 20 mg/kg per day of Arctigenin and
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20 mg/kg of Cambinol (MedChemExpress,
Shanghai, China) or 12.5 mg/kg of INF39
(MedChemExpress, Shanghai, China) for 7
days.

Histomorphological analysis

Colon tissue samples were fixed in 4% parafor-
maldehyde, paraffin-embedded and then sec-
tioned into 5 um slices for H&E staining. Colon
tissue samples were observed using fluores-
cence microscope (Zeiss Axio Observer A1l,
Germany).

MPO activity levels

Colon tissue samples were collected and used
to measure MPO activity levels using MPO ac-
tivity levels kits (AO44, Nanjing Jiancheng Bio-
logical Engineering Institute, Nanjing, China),
following the manufacture’s instructions.

Evaluation of pathway analysis of Arctigenin

The TCMSP server (http://ibts.hkbu.edu.hk/
LSP/tcmsp.php) is a systems-level pharmacol-
ogy database for TCM as literature [18] for
interesting, naturally occurring compounds.
GEO DataSets is a flexible, user-friendly web
interface as literature [18] for generating hy-
potheses about gene function, analysing gene
lists and prioritising genes. Relationships gene
targets and diseases, networks were construct-
ed and analyzed using Cytoscape 3.0 for a
deeper understanding of the complex.

Western blot analysis

Colon tissue samples or cell was splitted using
RIPA assay and protein was quantified using
BCA assay. Proteins were electrophoresed on
10% SDS-acrylamide gels and transferred to
nitrocellulose membranes. Membranes were
blocked with 5% nonfat milk in TBST for 1 h at
37°C and incubated with IL-1B (BS3506,
1:1000, Bioworld Technology, Inc.), IL-18 (BS-
6823, 1:1000, Bioworld Technology, Inc.), cas-
pase-1 (sc-1780, 1:1000, Santa Cruz, USA),
NLRP3 (sc-66846, 1:1000, Santa Cruz, USA),
SIRT1 (sc-135791, 1:1000, Santa Cruz, USA)
and GAPDH (sc-293335, 1:5000, Santa Cruz,
USA) at 4°C overnight. The membranes were
washed with TBST and incubated with horse-
radish peroxidase-conjugated secondary anti-
bodies (sc-2004 or sc-2005, 1:5000, Santa
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Cruz, USA) for 1 h at 37°C. Protein was mea-
sured using an enhanced chemiluminescence
system and analyzed using a Image Lab 3.0
(Bio-Rad Laboratories, Inc.).

Immunofluorescence

Colon tissue samples were fixed in 4% parafor-
maldehyde, paraffin-embedded and then sec-
tioned into 5 ym slices. Slices samples were
incubated with 0.25% Tris-X100 for 10 min at
room temperature for permeabilization and
repaired using citric acid for 10 min at 95°C.
Slices samples were blocked with 5% BSA in
TBS for 1 h at room temperature and incubated
with NLPR3 (1:100) at 4°C overnight. After
washing with TBST for three times, sections
were incubated with secondary peroxidase-
conjugated goat anti-rabbit IgG (1:100, Santa
Cruz Biotechnology) antibody for 2 h at room
temperature. After washing with TBST for three
times, sections were stained with DAPI for 15
min at darkness. Colon tissue samples were
observed using fluorescence microscope (Zeiss
Axio Observer A1, Germany).

Vitro model and treatment groups

THP-1 cell was purchased from Shanghai Cell
Institute Country Cell Bank and maintained in
RPMI 1640 medium (Gibco) with 10% heat-
inactivated fetal bovine serum (Gibco) under a
humidified 5% (v/v) CO, atmosphere at 37°C.
THP-1 cell was induced with 100 nM of PMA for
24 h, and treated with 100 ng/mL of LPS and
for 2 mM of ATP 4 h or treated with 20 yM of
arctigenin, 100 ng/mL of LPS and for 2 mM of
ATP 4 h.

Si-NLRP3 (Santa Cruz Biotechnology) or si-
SIRT1 (Santa Cruz Biotechnology) and control
negative mimics were transfected into THP-1
cell using Lipofectamine 2000 Reagent (Invi-
trogen) for 4 h. Old medium was removed and
new RPMI 1640 medium were added into cell
for 20 h. Next, THP-1 cell transfection induced
using with 100 nM of PMA for 24 h, treated with
100 ng/mL of LPS and for 2 mM of ATP 4 h or
treated with 20 uM of arctigenin, 100 ng/mL of
LPS and for 2 mM of ATP 4 h.

Statistical analysis

Data were expressed as mean = SEM using
GraphPad Prism 8. Multiple comparisons were
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Figure 1. Arctigenin prevents colitis and attenuates inflammation in DSS-induced acute colitis. The weight (A), colon
length (B and C), histochemical score (D and E) and MPO activity levels (F). Control, control sham mice group; Ar,
20 mg/kg of arctigenin group; DSS, 2.0% DSS-induced colitis mice group; Ar+DSS, 2.0% DSS-induced colitis mice
by treatment with 20 mg/kg of arctigenin group. ##P < 0.01 compared with control sham mice group, **P < 0.01

compared with 2.0% DSS-induced colitis mice group. Data were expressed as mean + SEM.

performed by one-way ANOVA followed by
Tukey’s post-test. P values < 0.05 were consid-
ered statistically significant.

Results

Arctigenin prevents colitis and attenuates in-
flammation in DSS-induced acute colitis

Firstly, we determined that the function of arcti-
genin in DSS-induced acute colitis. As showed
in Figure 1A, the weight of DSS-induced acute
colitis mice was reduced, compared with con-
trol sham mice group. Next, treatment with arc-
tigenin recovered the weight of DSS-induced
acute colitis mice, compared with DSS-induced
acute colitis mice model group (Figure 1A).
Then, colon length was reduced, and histo-
chemical score was increased in DSS-induced
acute colitis mice were reduced, compared
with control sham mice group (Figure 1B-E).
Treatment with arctigenin increased colon
length, and reduced histochemical score in
DSS-induced acute colitis mice, compared with
DSS-induced acute colitis mice model group
(Figure 1B-E). MPO activity levels were en-
hanced in DSS-induced acute colitis mice were
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reduced, compared with control sham mice
group (Figure 1F). The activation of MPO activi-
ty levels was inhibited in DSS-induced acute
colitis mice by arctigenin, compared with con-
trol sham mice group (Figure 1F). Collectively,
these results suggest that arctigenin prevents
colitis and attenuates inflammation in DSS-
induced acute colitis.

Systematic understanding of the mechanism
Arctigenin in colitis

The investigated the function targets of Arc-
tigenin in colitis using TCMSP server (http://
ibts.hkbu.edu.hk/LSP/tcmsp.php). As shown in
Figure 2A, 32.86% displayed similar co-expres-
sion characteristics, and 30.34% shared the
same protein domain. Physical interactions,
pathways and co-localisation are showed at
Figure 2A. Based on target fishing and pathway
analysis for colitis using GEO DataSets (Figure
2B), and the results of Figure 2C showed that
three genes were common target fishing and
pathway of colitis and Arctigenin. Then, we ana-
lyzed SIRT1 and SIRT1 for target fishing and
pathway.

Am J Transl Res 2019;11(7):3992-4009
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Arctigenin suppressed NLRP3 inflammasome
by SIRT1 in DSS-induced acute colitis

To explore the mechanism of arctigenin in DSS-
induced acute colitis, western blot analysis was
used to analyze the protein expression. As
showed in Figure 3A-F, the protein expression
of IL-1B, IL-18, caspase-1 and NLRP3 were
induced, SIRT1 protein expression was sup-
pressed in DSS-induced acute colitis, com-
pared with control sham mice group. Treatment
with arctigenin suppressed IL-13, IL-18, cas-
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Figure 2. Systematic Understanding
of the Mechanism Arctigenin in colitis.
Network of potential Arctigenin targets
(A), Target fishing and pathway analy-
sis for colitis using GEO DataSets (B),
common target fishing and pathway (C).
Data were expressed as mean + SEM.

Colitis

Arctigenin

pase-1 and NLRP3 protein expression, and
induced SIRT1 protein expression in DSS-
induced acute colitis, compared with DSS-
induced acute colitis model group (Figure
3A-F). IF showed SIRT1 protein expression was
induced in colon tissue of DSS-induced acute
colitis mice by arctigenin, compared with DSS-
induced acute colitis model group (Figure 3G).
So, these results showed that arctigenin may
regulates SIRT1 to adjust NLRP3 inflamma-
some in DSS-induced acute colitis.
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Ar
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Figure 3. Arctigenin suppressed NLRP3 inflammasome by SIRT1 in DSS-induced acute colitis. IL-13, IL-18, cas-
pase-1, NLRP3 and SIRT1 protein expressions (A-E) and western blotting analysis for IL-13, IL-18, caspase-1, NLRP3
and SIRT1 protein expressions (F), IF for SIRT1 protein expression (G). Control, control sham mice group; Ar, 20
mg/kg of arctigenin group; DSS, 2.0% DSS-induced colitis mice group; Ar+DSS, 2.0% DSS-induced colitis mice by
treatment with 20 mg/kg of arctigenin group. ##P < 0.01 compared with control sham mice group, **P < 0.01
compared with 2.0% DSS-induced colitis mice group. Data were expressed as mean + SEM.

Arctigenin suppressed NLRP3, caspase-1 and
IL-1 protein expression by SIRT1 in THP-1 cell
by LPS model

In vitro model, we analyze the anti-inflammai-
ton function of arctigenin in THP-1 cell by LPS.
As showed in Figure 3A-F, the protein expres-
sion of IL-1B, IL-18, caspase-1 and NLRP3 were
induced, SIRT1 protein expression was sup-
pressed in THP-1 cell by LPS model, compared
with control THP-1 cell group. Treatment with
arctigenin suppressed IL-1B, IL-18, caspase-1
and NLRP3 protein expression, and induced
SIRT1 protein expression in THP-1 cell by LPS
model, compared with THP-1 cell by LPS model
group (Figure 4A-F). Next, we analyzed the
supernatant of IL-13, IL-18 and caspase-1 pro-
tein expressions in THP-1 cell by LPS model.
The supernatant of IL-13, IL-18 and caspase-1
protein expressions were increased in THP-1
cell by LPS model, compared with control THP-1
cell group (Figure 4G-J). The induction of IL-1(,
IL-18 and caspase-1 protein expressions in
supernatant of THP-1 cell by LPS model, com-
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pared with THP-1 cell by LPS model group
(Figure 4G-J). These findings indicated that arc-
tigenin suppressed NLRP3 inflammasome by
SIRT1 in THP-1 cell by LPS model.

Si-SIRT1 decreases the effects of Arctigenin
on inflammation in THP-1 cell by LPS model

The study ascertained the role of SIRT1 in isch-
emic stroke in the effects of arctigenin on
inflammation in THP-1 cell by LPS model. As
showed in Figure 5A-F, si-SIRT1 suppressed
the expression of SIRT1 protein, and induced
IL-1B, IL-18, caspase-1 and NLRP3 protein
expression in THP-1 cell by LPS model and arc-
tigenin, compared with LPS model and arcti-
genin group. Meanwhile, si-SIRT1 also induced
the supernatant of IL-13, IL-18 and caspase-1
protein expression in THP-1 cell by LPS model
and arctigenin, compared with LPS model and
arctigenin group (Figure 5G-J). Taken together,
these results indicated that arctigenin may reg-
ulates SIRT1 to adjust NLRP3 inflammasome in
THP-1 cell by LPS model.
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Figure 4. Arctigenin suppressed NLRP3, caspase-1 and IL-13 protein expression by SIRT1 in THP-1 cell by LPS model
IL-1B, IL-18, caspase-1, NLRP3 and SIRT1 protein expressions (A-E) and western blotting analysis for IL-1j3, IL-18,
caspase-1, NLRP3 and SIRT1 protein expressions (F); the supernatant of IL-13, IL-18 and caspase-1 protein expres-
sions (G-1), and western blotting analysis for IL-1j3, IL-18 and caspase-1 protein expressions (J). Control, control THP-
1 cell group; LPS, 100 ng of LPS and 2 mM of ATP in THP-1 cell for 4 h group; LPS+Ar, 20 uM of arctigenin, 100 ng
of LPS and 2 mM of ATP in THP-1 cell for 4 h group. ##P < 0.01 compared with control THP-1 cell group, **P < 0.01
compared with LPS group. Data were expressed as mean + SEM.
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NLRP3 and SIRT1 protein expressions (F); the supernatant of IL-1j3, IL-18 and caspase-1 protein expressions (G-l),
and western blotting analysis for IL-13, IL-18 and caspase-1 protein expressions (J). Control, control THP-1 cell group;
LPS, 100 ng of LPS and 2 mM of ATP in THP-1 cell for 4 h group; LPS+Ar, 20 uM of arctigenin, 100 ng of LPS and 2
mM of ATP in THP-1 cell for 4 h group; LPS+Ar+Si-SIRT1, 100 ng of Si-SIRT1, 20 uM of arctigenin, 100 ng of LPS and
2 mM of ATP in THP-1 cell for 4 h group. ##P < 0.01 compared with control THP-1 cell group, **P < 0.01 compared
with LPS group, ###P < 0.01 compared with LPS+Ar group. Data were expressed as mean + SEM.

SIRT1 inhibitor also decreases the effects of
Arctigenin on inflammation in DSS-induced
acute colitis

In vivo model, we used SIRT1 inhibitor, 20 mg/
kg of Cambinol, to reduce SIRT1 protein expres-
sion, and induced IL-1B, IL-18, caspase-1 and
NLRP3 protein expression in DSS-induced
acute colitis by arctigenin, compared with arcti-
genin treatment group (Figure 6A-F). IF showed
SIRT1 protein expression was induced in colon
tissue of DSS-induced acute colitis mice by arc-
tigenin and SIRT1 inhibitor, compared with arc-
tigenin treatment group (Figure 6G). Next, we
observed SIRT1 inhibitor also decreases the
effects of arctigenin on the weight, colon le-

4001

ngth, histochemical score and MPO activity lev-
els in DSS-induced acute colitis, compared wi-
th arctigenin treatment group (Figure 7). So,
these results showed that arctigenin prevents
colitis and attenuates inflammation in DSS-
induced acute colitis by SIRT1.

INF39, NLRP3 inhibitor also increased the
effects of Arctigenin on inflammation in DSS-
induced acute colitis

To further explore the role of NLRP3 in the
effects of arctigenin on inflammation in DSS-
induced acute colitis, NLRP3 inhibitor, 12.5
mg/kg of INF39 was used to DSS-induced
acute colitis by arctigenin. As showed in Figure
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Systematic understanding of the mechanism and effects of Arctigenin in acute colitis

m

SIRT1 protein expression
(fold control)

4002

IL-18 protein expression
(fold control)

Caspase-1 protein expression
(fold control)

-l
L4
1

-h
o
1

o
[4,]
1

o
(=]
I

B
§ ] ##
D~ o
e 55 e
e Hit# 2+ e
':'_ o 5 ‘E e = ok
g c O s
= o 3 9 : § —=
A 5%, S
e 58 e
S < S
. =l :
o 1 cns - 04 u e n =
& & A & & A
x \Q‘ - \Q'
< <
v K% \'a ,‘9
] 5
& &
<& &
b \a
D
B 5 #4
H#Hit# ﬁ -
oo 9~
e 83 e
2 52 e i
c - .
i (=1 . *k
-:-i:. - ke E 8 24 .. ——
_:.'ﬂ' : —— e .
o af :
A Y L .
- n' )
: g -
- | o
z
Ll L L]
& \\ & ,\\
0‘9 09 Q‘-\ xoc-’ Q‘-\
< 2 < 2
Ao x \'a x
& &
9 Y
¥ S
F
sirtl “ S 120 kDa
NLRP3 - W . 110 kDa
*k
— 5 45kDa
re-caspase-1
rasa
% Caspase-1 20 kDa
=leterels T IL-18 .- -“ 18 kDa
] N
¥ & &
O
?“
GAPDH 38 kDa
Control DSS Ar+Dss Ar+DSS+Sirt1
DAPI Sirt1 Merger

Control

Am J Transl Res 2019;11(7):3992-4009



Systematic understanding of the mechanism and effects of Arctigenin in acute colitis

DSS

Ar+DSS

Ar+DSS+Sirt1 i

Figure 6. SIRT1 inhibitor also decreases the effects of Arctigenin on NLRP3 inflammasome in DSS-induced acute
colitis. IL-1B, IL-18, caspase-1, NLRP3 and SIRT1 protein expressions (A-E) and western blotting analysis for IL-13,
IL-18, caspase-1, NLRP3 and SIRT1 protein expressions (F), IF for SIRT1 protein expression (G). Control, control
sham mice group; DSS, 2.0% DSS-induced colitis mice group; Ar+DSS, 2.0% DSS-induced colitis mice by treatment
with 20 mg/kg of arctigenin group; Ar+DSS+SIRT1 i, 2.0% DSS-induced colitis mice by treatment with 20 mg/kg of
arctigenin and 20 mg/kg of Cambinol group. ##P < 0.01 compared with control sham mice group, **P < 0.01 com-
pared with 2.0% DSS-induced colitis mice group, ###P < 0.01 compared with Ar+DSS group. Data were expressed
as mean + SEM.
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Figure 7. SIRT1 inhibitor also decreases the effects of Arctigenin on inflammation in DSS-induced acute colitis.
The weight (A), colon length (B and C), histochemical score (D and E) and MPO activity levels (F). Control, control
sham mice group; DSS, 2.0% DSS-induced colitis mice group; Ar+DSS, 2.0% DSS-induced colitis mice by treatment
with 20 mg/kg of arctigenin group; Ar+DSS+SIRT1 i, 2.0% DSS-induced colitis mice by treatment with 20 mg/kg of
arctigenin and 20 mg/kg of Cambinol group. ##P < 0.01 compared with control sham mice group, **P < 0.01 com-
pared with 2.0% DSS-induced colitis mice group, ###P < 0.01 compared with Ar+DSS group. Data were expressed

as mean + SEM.
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4004 Am J Transl Res 2019;11(7):3992-4009



Systematic understanding of the mechanism and effects of Arctigenin in acute colitis

MPO activity levels (K). Control, control sham mice group; DSS, 2.0% DSS-induced colitis mice group; Ar+DSS, 2.0%
DSS-induced colitis mice by treatment with 20 mg/kg of arctigenin group; Ar+DSS+NLRP3 i, 2.0% DSS-induced
colitis mice by treatment with 20 mg/kg of arctigenin and 12.5 mg/kg of INF39 group. ##P < 0.01 compared with
control sham mice group, **P < 0.01 compared with 2.0% DSS-induced colitis mice group, ###P < 0.01 compared

with Ar+DSS group. Data were expressed as mean + SEM.

8A-E, NLRP3 inhibitor suppressed the protein
expression of IL-1B, IL-18, caspase-1 and NL-
RP3 in DSS-induced acute colitis by arctigenin,
compared with treatment with arctigenin group.
Next, NLRP3 inhibitor also increased the
effects of arctigenin on the weight, colon le-
ngth, histochemical score and MPO activity lev-
els in DSS-induced acute colitis, compared wi-
th treatment with arctigenin group (Figure
8F-K).

Si-NLRP3 increases the effects of Arctigenin
on inflammation in THP-1 cell by LPS model

In vitro model, we further analyzed the role of
NLRP3 in the effects of arctigenin on inflamma-
tion in THP-1 cell by LPS model. As showed in
Figure 9A-E, IL-1B, IL-18, caspase-1 and NLRP3
protein expression were suppressed by si-
NLRP3 in THP-1 cell by LPS model following arc-
tigenin, compared with arctigenin treatment
group. In supernatant, IL-13, IL-18 and cas-
pase-1 protein expression were suppressed by
si-NLRP3 in THP-1 cell by LPS model following
arctigenin, compared with arctigenin treatment
group (Figure 9F-I). Taken together, these re-
sults indicated that Arctigenin attenuates in-
flammation in DSS-induced acute colitis th-
rough suppression of NLRP3 inflammasome by
SIRT1.

Discussion

UC is an easily relapsing and refractory autoim-
mune disease [1]. It is found to be related to
alterations of intestinal flora, inflammatory fac-
tors, gene and protein expression, and mucous
layer. The current clinical treatments for UC are
mainly symptomatic treatments [1]. They in-
clude western medicine treatment (mesalazine
and sulfasalazine), TCM treatment, combined
treatment of TCM and western medicine, TCM
differentiation and retention enemas [4]. But
most of these treatments can only delay the
symptoms, rather than thoroughly cure UC.
Therefore, UC is a refractory and recurrent dis-
ease [9]. In the current study, we demonstrate
that treatment with arctigenin increased the
weight and colon length, and reduced histo-
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chemical score and MPO activity levels in DSS-
induced acute colitis mice. Cheng et al. sug-
gested that arctigenin protects against inflam-
mation in liver injury by suppressing immune
cells in mice [13]. So, these results showed that
arctigenin possessed anti-inflammation effects
in acute colitis mice.

A series of experimental studies find that, SIRT1
can remarkably suppress the expression of
inflammatory genes [10]. In human mononucle-
ar macrophage, over-expression of SIRT1 can
markedly inhibit the secretion of IL-18 stimulat-
ed by tobacco extract. On the contrary, interfer-
ing with the SIRT1 expression can up-regulate
the IL-18 level [10]. Evidently more macro-
phages can be seen in the adipose tissue of
SIRT1 knockout mouse than the wild type
mouse. Meanwhile, high-fat diet can notably
induce the intrahepatic inflammatory response
[10]. Besides, the SIRT1 knockout mouse is
highly sensitive to LPS stimulation, and the
expression of pro-inflammatory genes, such as
IL-6, IL-1B, IL-18 and TNF-«, is markedly in-
creased [10]. By contrast, the autoimmune
encephalomyelitis is distinctly alleviated in SI-
RT1 transgenic mouse [19]. The present stud-
ies indicate that, SIRT1 exerts the anti-inflam-
matory effect mainly through down-regulating
NLRP3, p65 and Ap-1, as well as the histone
acetylation level [19, 20]. Furthermore, we
reported that the inhibition of SIRT1 decreases
the effects of arctigenin on inflammation in
DSS-induced acute colitis through NLRP3
inflammasome. Zhang et al. demonstrated that
arctigenin reduced ischemic stroke via SIRT1-
dependent inhibition of NLRP3 inflammasome
[19]. Therefore, arctigenin activated SIRT1 to
suppress NLRP3 inflammasome in acute
colitis.

NLRP3 inflammasome is a compound protein,
which is constituted by NLRP3 protein, Cas-
pase-1 and apoptosis-associated speck-like
protein (ASC) [8]. Its abnormal activation and
regulation is related to the pathogenesis and
development of multiple inflammatory diseas-
es [8]. Studies have shown that NLRP3 and its
downstream inflammatory factors IL-13 and

Am J Transl Res 2019;11(7):3992-4009
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Figure 10. Arctigenin attenuates inflammation in DSS-induced acute colitis
through suppression of NLRP3 inflammasome by SIRT1.

IL-18 can markedly promote inflammation in
diseases like UC, allergic rhinitis, asthma, para-
sitic disease, ischemic reperfusion and tumor
[8, 21]. Some studied the progress in recent
NLRP3 study, so as to provide studying direc-
tions for the role of NLRP3 inflammasome in
the pathological process of inflammatory dis-
ease [22]. In this study, we found that the inhi-
bition of NLRP3 also increased the effects of
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Pro-Caspase-1

arctigenin on inflammation in
DSS-induced acute colitis. Zh-
ang et al. demonstrated that
arctigenin reduced ischemic
stroke via SIRT1-dependent
inhibition of NLRP3 inflam-
masome [19]. Accordingly, ar-
ctigenin attenuates inflamma-
tion in DSS-induced acute
colitis through suppression of
NLRP3 inflammasome by SI-
RT1.

In summary, the present stu-
dy suggested that arctigen-
in protected against DSS-in-
duced acute colitis, suppr-
essed NLRP3 inflammasome
and induced activated SIRT1
signaling (Figure 10). Taken
together, these findings sug-
gest that arctigenin regulat-
ed NLRP3 inflammasome by SIRT1 in DSS-
induced acute colitis. Therefore, arctigenin may
be served as a new therapeutic approach in
acute colitis.
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